With increasing amounts of technology readily available, many secondary and post-secondary instructors have begun utilizing a flipped classroom approach to support student learning. Described broadly, this approach "flips" traditional lectures outside the classroom with video technology and uses class time to engage students in problem solving that is facilitated by the instructor. This paper describes students' perceptions and reactions to one college professor's attempt to utilize a flipped classroom model with his engineering students. Further discussion is offered in the paper analyzing the ways in which the course structure evolved and the lessons learned.
Introduction
The "flipped class" has several variations. 1 Flipped classrooms are generally structured to have pre-recorded presentations of the course materials followed by in-class activities. The expectation within flipped classrooms is for students to view and study the material prior to class. For some flipped classes, students complete in-class quizzes before working together on assigned class problems. 2 For other flipped classes, the students complete pre-class quizzes after watching the online lecture at home. This was followed by class activities. 3 Another flipped class adaptation has included adding an on-line discussion before class, which allowed instructors to formatively assess student learning and to provide in-class review sessions before the other classroom activities. In this case, an online quiz was administered toward the end of the online lecture, for which students earned participation points. 4 In this study, the first author used recorded class lectures from a previous semester for course content and had students present their individual homework solutions in class. The presentation and accuracy of these solutions were graded in real time.
The flipped classroom in this study was a senior level heat transfer class of 65 students, which also included a laboratory component to reinforce the learning of the classroom. The professor, who was experienced teaching the course, had become concerned about the level of learning and perceived lack of engagement on the part of the students. The flipped class method seemed to be a possible solution, since it had given indications of better understanding of course material. 5 Because this was a senior level class, the professor recognized that when the students graduated in a few months, they would need to be able to take initiative and have knowledge to apply to their heat transfer challenges at their workplace. The professor hoped to use the class to groom the students for responsible positions at their workplaces upon graduation as well as have them learn heat transfer. The flipped classroom would give them opportunities to speak to a large group and to defend their ideas. The intent was to increase learning and to make the students more accountable. This flipped class differed from other flipped classes because the students were not only responsible for viewing the online lectures and course materials, but were also expected to complete homework problems before coming to class. Flipped classes usually use the class time for working the homework with the professor's assistance. Having students solve problems before coming to class was done with the intent of having the students transition from relying on the professor for learning to self-sufficient problem solving.
The first author had many discussions with Dr. Sharpe 6 during the adaptation of the technique to a senior level engineering heat transfer class. She had used a flipped class technique at the University of Virginia, Darden School of Business in a master level class in entrepreneurship. That class consisted of groups of students meeting with clients to help them to develop a business. There were interactions among her, the clients, and the students. These interactions resulted in class participation to be heavily (20%) weighted in the final grade.
Another engineering professor in the first author's department who taught a Fluid Mechanics class at his university had tried the flipped classroom approach previously. Unfortunately, that experiment was terminated midway through the semester because of student discontent, and reverted back to the standard lecture method. This type of push back from students was predicted by the business school professor and others 7 who stated, "The students will push back but will come around." It was for this reason that the engineering professor encouraged the first author not to quit when students pushed back.
Initial Flipped Course Structure
The heat transfer course was structured so that students would view online videos of recorded lectures of a previous semester course. These online lectures were 80 minutes long and were the standard lectures that students would have had if the professor lectured in the standard manner. In addition to these videos, the professor made short videos (five to ten minutes) focused on basic concepts. Shifting the lectures outside of the classroom then freed up the class time for students to present their solutions to assigned homework problems. Homework was not otherwise collected nor graded because the students had access to online solution manuals.
In order to motivate the students to complete their homework and participate in class, student's participation was part of their total class grade. This was modeled after the business school. A student's participation grade was based on class attendance and the quality of the responses given when the student was called on in class. Additionally, in an effort to encourage class attendance, students would lose a letter grade for every two unexcused absences. As a result, they could fail the course while having a perfect score on each exam. Homework presenters were selected by random drawing with replacement of student names from a bag. A definite format for the homework solution was prescribed so that the presentations would be organized. The format was taken from a textbook 8 and consists of seven logical steps. This was to help the student stay on track during the presentation. The student reported from her/his desk and explained to the class the solution method. The professor recorded on the board the pertinent points of the solution, while also encouraging explanation by asking questions.
The professor asked the whole class for their insights to each question in order to encourage discussion and to gain more understanding among the whole class. The professor guided the presenter and kept her/him on track, making sure the question was eventually answered correctly. During the presentation, the students were free to ask the presenter about questions related to the problem. The professor referred questions directed to him to the presenter or to the class members, who were also encouraged to share their thoughts. The professor rated the presenter on the quality of the presentation. Others were rated on the quality of their insights to the problem. These ratings were used for class participation points.
Participation Points
Because part of the goal in flipping the heat transfer classroom was to increase student participation, one of the challenges was figuring out how to record student participation points. The first half of the semester the random draw with replacement seemed to be biased. This may have been because the names were on cardboard squares and mixing may have been inadequate. In addition, more students on the left side of the room, as viewed from student seats, picked up more voluntary (as opposed to called upon) point opportunities than the other side. To even out the disparity of opportunity, two separate name repositories were used for drawing names. Those on the neglected side of the room were deliberately drawn. This tended to even out the opportunities. Then, the professor reviewed who had the least participation opportunities. A portion of the problems was assigned for those specific students to discuss. Five points were awarded for an excellent presentation, three points for a mediocre presentation, and no points for being unprepared. Their written solutions were not checked.
Overall, not every student would be rated every class period, but each student would have ample opportunities to participate over the semester. Generally, 15% to 20% (nine to 12) students received participation points each class session. The points were totaled at the end of the semester and curved to eight percent of their final grade.
It was around mid-semester when students were informed via email about their participation points. Then, students realized they were frittering away almost a full letter grade by not being prepared to present their homework in class. Originally, students had been given the weighting of the grade distribution in the course syllabus, but it seemed many students had not read it closely. After realizing the importance of the participation points, many students were very willing to respond to the professor's request for volunteers. The professor had to ignore some students in order to give the more reticent ones opportunities, and began pre-selecting presenters before class to even out the participation opportunities and to not lose instructional time by drawing names in class.
Student Reactions to Initial Structure and Professor Responses
Objections to the flipped classroom approach were immediate. The students voiced that the homework required in this flipped class approach exceeded the amount of time that students could devote to the class, particularly because students were being expected to watch full lectures (three hours a week) in addition to completing the homework problems outside of class. Because the lecture was recorded, students criticized that they were teaching themselves, versus having an expert readily available for questions. They also complained that they did not want to be held publically accountable for doing the homework. Some students further stated that they found the classroom discussion to be confusing because they were unsure about the accuracy of the presenter's response, even though the professor summarized the correct concepts at the end of each discussion. Beyond the course structure, the students also criticized that the number of office hours was inadequate, even though they exceeded the university recommended amount of two hours per week for each lecture class taught.
Being responsive to his students, and understanding that each homework problem took between twenty to forty minutes to solve, the professor reduced the number of problems from four to three. He also encouraged them to work together on the homework. The statistics from the online video system demonstrated that fewer than 10% of the students were watching the video lectures, and many of these were only watching a few minutes. Additionally, the professor did provide shorter (5 to 10 minute) videos on selected topics, but these too were not viewed by more than 10% of the students. Allowing the class to evolve around the concept of career development, the professor believed that life-long learning required time expenditure. In regard to presenter's responses sometimes having inaccuracies, the professor responded that when one works for a company, some discussions might have wrong ideas put forward, and that it would be the individual's professional responsibility to follow along and sort out the scientifically correct and incorrect items. Individuals would also need to ask questions to add clarity to the discussion, versus tune out which could be interpreted as a lack of interest in the company's challenges.
Additionally, the professor also increased the number of office hours from 3 to 4.5 per week. Participation points were given for using the office hours, if the student came in with pertinent questions and not just to chat. The students however rarely used the available daytime office hours, and later admitted that this was because they often did not start the homework until the night before it was due.
Unsatisfied with these minor changes, the students took their frustrations to a higher level. The chair of the department and the dean's office reported that the students were complaining, although no specifics were given to the professor. The administration worried that the students might complain to the Accreditation Board for Engineering and Technology (ABET) evaluators when they reviewed the college, which had potential to reflect negatively on the department. The professor responded that only 10% of the students had voiced concerns, and that did not seem like an unreasonable number.
Seven weeks into the semester, several students wrote a critically reflective letter outlining their concerns about the flipped classroom structure. This was addressed to the chair of the department, the associate dean of the college, the dean of the college and the president of the university. The concerns were: 1) no notice prior to registration was given that the class would be flipped, 2) the online videos allowed no face-to-face interactions among the professor and students in a classroom setting, 3) the students felt they were teaching themselves versus being taught by an experienced professor, 4) the students felt they were taking an online class, 5) the amount of time required for a class of this type was considerably more than a standard lecture class. The students stated that they were not complaining about the professor but about the issues they were experiencing with the flipped classroom structure.
The administration's response stated that the professor had improved teaching as a goal and that he was free to experiment with teaching methods. The professor then held a class discussion about the "flipped" teaching method.
Course Revisions
The class discussion was polite and respectful. The professor complimented the students for writing such a thoughtful and respectful letter explaining their concerns. After about twenty minutes of open discussion, the students recognized that the professor was not willing to go back to the standard lecture method. One student suggested a compromise, in which the student presentations would be held for one hour of the class and the professor would lecture on the next subject matter for the last thirty minutes. The compromise provided the students with more opportunities for live dialogue with the professor during the class, which had been one of their main concerns, while also maintaining the presentation portion of class which the professor valued. Thus, this compromise was agreeable to all and adopted.
After the class discussion, the professor reexamined his participation and attendance policies, since shortening the time for student presentations also shortened the opportunity for students to gain participation points. Consequently, the homework problems were divided into parts so that more students could present in the shorter period of time, while also allowing enough time for the professor to assess the student's work. The professor decided to remove the attendance policy that resulted in a loss of a letter grade for every two unexcused absences, feeling it was punitive in nature, and also after discovering that the attendance sheet was being signed on behalf of absent classmates. Furthermore, the professor invited students at mid semester to complete an anonymous survey about their background and activities. The results of this survey are discussed in the next section.
Incidentally, the students did have an opportunity to speak with the ABET evaluators. Two faculty members in that meeting told the professor that the students reported appreciating what the professor was trying to do, and also complimented him about the approach he took in working with the students to improve the situation. They liked that he was very open to their suggestions and treated them with respect. Some students even admitted that they liked the flipped classroom.
Mid Semester Survey Results
The professor realized that he had very little knowledge of the constraints on his students. So he created an anonymous survey about their life situations. The survey covered student demographics and student activities. The University administration deemed that this did not require Institutional Review Board action. The results can be seen in Table 1 and Table 2 . Eighty-eight percent of the students responded (57 respondents). The results of the survey showed the busy schedules of many of the students. The mean, variance, and standard deviation are related to the answer choice. For example, the mean for the first question is 1.0 because everyone responded with a "1" (Yes). The variance equals {(# of responses * Sum of Squares) minus (Total * Total)}/ {# of responses * (# of responses -1)}. The standard deviation equals the square root of the variance. Table 1 . Student Demographics. All students were seniors majoring in mechanical engineering. The great majority was male, single and had no children.
The mid-semester survey also considered student activities. These results are seen in Table 2 . The class discussion seemed to indicate that one of the primary issues was a lack of time to devote to the class. This was mentioned often, both explicitly and implicitly. Most students reported getting less than seven hours of sleep a day, and most (81%) worked; 60% worked more than 20 hours a week. The majority of the students held at least one job. Over 50% of these jobs had the potential to lead to a full time engineering position after graduation. Some of the students (13%) had two or more jobs. Furthermore, two-thirds were taking ten or more class hours. Almost three-quarters reported spending at least an hour a day on their cell phone. Slightly over a third reported studying less than five hours a week on this course.
A possible conclusion from the survey data was that students had taken on more responsibilities than they could adequately accommodate. Good part-time jobs were available locally because the university was located in a high technology town. Thus, several students revealed in the survey that they were getting less than seven hours of sleep, were working 20 hours or more a week, and were also enrolled as a full-time student. Thus, they complained about the class requiring too much time.
Final Class Survey
Students responded satisfactorily to the course revisions and the class was completed on that format. A survey was taken at the end of the semester to determine students' thoughts about the flipped classroom; specifically did the majority of the students want the flipped classroom ended. The flipped classroom approach used the second half of the semester makes it easier to understand course content than a traditional lecture approach. 
Lessons Learned
This experiment has demonstrated that a senior level undergraduate engineering heat transfer course could be implemented using a flipped classroom approach. The professor continued to value the flipped classroom approach to teaching, but admitted that there were some lessons learned during the flipping and revising of the course. We share those lessons learned in this section. Specifically, we discuss student perceptions of a flipped classroom approach, recording participation and attendance in a flipped classroom, and future design features.
Student Perceptions of a Flipped Classroom Approach
Unlike some of the research on flipped classrooms 9 , the students in this study indicated being dissatisfied with the flipped classroom approach. Survey data suggests that this was partially because students had not allotted sufficient time to complete the lecture and homework problems outside of class with the plethora of other responsibilities they had. Open-ended responses further highlighted that students did not enjoy being graded on homework presentations and wanted to learn the material from an expert in class versus through video lectures. The students voiced mid semester that only having lectures online did not allow students to have real time dialogues with the professor and that the video did not provide real time feedback of student learning. 10 To address student time constraints, videos for the course could be specifically created for the flipped classroom that are shorter and more condensed, but even the shorter selected topic videos were not viewed by the majority of students in this study. Technology platforms could also be utilized to merge formative assessment questions and video lectures 11 to collect data about how students are making sense of the content and what questions or misconceptions the professor might need to address at the beginning of the next class. This might also provide students with more of a sense of professor-student interaction.
Recording Participation and Attendance in a Flipped Classroom
Class participation and attendance are important. Attending and engaging in class is similar to professional career skills that employers value. Class participation also supports the professor's ability to formatively assess students' understanding of content through questioning, and use student responses to guide instruction. 12 In addition, students learn from each other and from the professor. So, recording participation and attendance, and providing a grade incentive was worthwhile in this case.
This study demonstrates how participation can be recorded through homework presentations. Furthermore, student involvement in presentations can be increased when the problems are divided across multiple random presenters. This instructional practice required some planning prior to class, while also effectively and efficiently involving students. Another benefit of dividing the lengthy questions for multiple presenters was that it required students to follow the presentation in case their name was called upon next. After the class ended, students confessed that they sometimes did not do the homework and instead took the chance that they would not be called on in class. With multiple presenters per class though, they often got caught.
The sign-in sheet was less effective for recording student attendance in this study because students forged each other's names. A better option might be to use the feature in the university's web service portal that allows electronic recording of attendance. With this attendance process, the student would need access to the web at the beginning of class. Students would then log in and provide a keyword to sign into the class. This requires a computer at every desk or that everyone has access to a digital device. Either way, class attendance will still receive course participation credit whether this method turns out to be feasible or if a sign-up sheet is still used.
Future Design Features
The following design features from this study are offered for other professors exploring the possibilities of flipping a course. Furthermore, the professor utilized these design features in the next semester's heat transfer course, which was also flipped. 1) If possible before registration, notify the students that the class will be taught in a flipped manner. 2) Understand students have many commitments, including this class. Be explicit about your expectations. 3) Explain how the class activities will help them in their careers. 4) Explain and start the flipped classroom process during the first class. But, do not start grading the students until the second class. 5) Randomly pick a student to present her/his solution to an assigned problem. She/he is expected to work the problems before class. 6) Maintain control of the front of the room. Students speak at their seat. 7) Encourage their efforts. This may be the first time students have spoken in front of a group. 8) Record the student's important points even if they are wrong. 9) Use questions to evoke comments from the class about material on the board. 10) Interact with the students to obtain clarity. 11) Interject additional insights based on your experience. 12) Use one hour for presentations and 30 minutes for live lectures. 13) Make the lectures clear and succinct. 14) Before class, select student presenters and their portion of a problem. But, do not notify the students ahead of time.
15) Record your evaluation of her/his presentation. If she/he is not prepared, she/he loses points. If she/he does well she/he gains points. 16) Collect and grade the homework of the students that presented. This assures they are actually using the required format and have, at least, transcribed the solution in their own handwriting. 17) Learn all of the students' names before class starts. Pictures are available from the university. 18) Have the presentations and submitted written homework be a part of the final grade.
The subsequent class using these procedures was being taught the following semester and was still underway when this paper was written. The results of that experience will be shared after that class is complete.
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